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PREFACE 


This  study  completes  phase  two  of  a  cooperative  research  project  conducted  under  a 
Memorandum  of  Understanding  between  the  Department  of  Defense  of  the  United  States  of 
America  and  the  Ministry  of  Defense  of  Japan.  This  international  agreement,  “The  Human 
Effects  of  Exposure  to  Aviation  Jet  Fuels,  JP-4  and  JP-8,  and  Their  Engine  Exhaust,”  is  a 
scientific  collaboration  between  the  Molecular  Bioeffects  Branch  (711  HPW/RHDJ)  and  Japan 
Air  Self-Defense  Force,  Aeromedical  Laboratory  (JASDF/AML). 

The  program  managers  for  the  Memorandum  of  Understanding  are  Asao  Kobayashi,  PhD  for 
JASDF/AML  and  David  Mattie,  PhD  for  71 1  HPW/RHDJ.  Funding  for  this  project  was  equally 
provided  by  JASDF  and  USAF. 

The  study  protocol.  Human  Operational  Exposure  to  JP-4  and  JP-8  Fuel  (Exhaust),  was  approved 
as  FWR201 10047H  by  the  Air  Force  Research  Laboratory  Institutional  Review  Board  and  as  22- 
01-01  by  the  Aeromedical  Laboratory  Ethical  Committee. 

The  authors  would  like  to  acknowledge  the  men  and  women  of  the  U.S.  Air  Force  and  Japanese 
Air  Self  Defense  Force  who  were  part  of  this  study  or  assisted  in  the  collection  of  samples  for 
this  study  especially  at  Detachment  3,  USAFSAM  and  374  AMDS/SGPB. 
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1.0  SUMMARY 


Air  and  ground  crews  transfer  a  significant  amount  of  jet  fuel,  and  as  a  result  of  transfers,  breathe 
its  volatile  emission  from  residues.  Working  on  the  flight  line  also  exposes  maintainers  to 
exhaust  from  the  jet  fuel  as  engines  are  tested  or  run  before  and  after  flight.  Sinee  little  is  known 
eoneeming  levels  of  exposure  and  the  corresponding  response  biomarkers  associated  with  human 
jet  fuel  exposure,  sereening  blood  and  urine  for  deteetable  jet  fuel  eomponents  and  examining 
them  for  biomarkers  were  the  objeetives  of  this  study.  The  project  was  a  collaborative  researeh 
effort  between  the  U.S.  Air  Force  (USAF)  and  the  Japan  Air  Self-Defense  Force  (JASDF)  to 
eorrelate  exposure  and  biomarkers  for  JP-4  and  eompare  them  with  those  from  JP-8.  This  report 
describes  the  USAF’s  examination  of  ten  proinflammatory  cytokines  in  serum.  Blood  was 
eollected  from  volunteers  at  USAF  and  JASDF  air  bases  loeated  in  Japan.  The  USAF  air  bases 
were  Yokota,  a  C-130  air  base  and  Kadena,  an  F-15  Air  base.  The  JASDF  bases  were  Komaki,  a 
C-130  air  base  and  Naha  and  Komatsu,  F-15  air  bases.  In  addition  subjeets  were  recruited  from 
Tachikawa  AB  beeause  there  was  no  aetive  runway  at  this  base  so  it  served  as  a  better  control 
site  than  sampling  from  the  individual  JASDF  air  bases  with  active  runways  and  potential 
exposure  to  all  base  personnel.  Samples  were  eolleeted  for  each  subject  once  at  three  time 
points:  pre-shift,  post-shift,  and  the  following  morning.  The  Meso  Seale  Discovery  (MSD) 
Human  IL-la  Ultra-Sensitive  Multi- Array®  Assay  was  used  to  deteet  IL-la  in  human  serum 
samples  while  the  Human  Proinflammatory  9-Plex  Ultra-Sensitive  Multi-Spot®  Assay,  a 
multiplex  deteetion  method  was  used  to  determine  the  following  nine  cytokines:  IL-2,  IL-8,  IL- 
12  p70,  IL-ip,  GM-CSF,  IFN-y,  IL-6,  IL-10,  and  TNF-a  simultaneously.  Concentrations  of  five 
eytokines  (GM-CSF,  IFN-  y,  IL-2,  IL-ip  and  IL-la)  fell  below  assay  range.  No  ehanges  were 
observed  with  IL-6,  IL-10,  and  IL-12  p70.  TNF-a  at  Kadena  AB  showed  a  signifieant  increase 
post-shift  for  JP-8-exposed  subjects,  but  levels  did  not  differ  from  control  subject  post-shift 
samples.  IL-8  levels  in  JP-4-exposed  subjeets  were  higher  than  those  in  Tachikawa  control 
subjects  (no  active  runway)  at  the  post-shift  time  point.  IL-8  levels  in  JP-8-exposed  subjects 
were  also  higher  than  levels  in  eontrol  subjects  (at  the  recovery  time  point).  IL-8  levels  in  JP-4- 
exposed  subjeets  were  higher  than  levels  in  JP-8-exposed  subjects  at  all  three  time  points.  These 
data  might  indieate  a  low  level  of  inflammation.  However,  in  general  eytokines  may  not  be 
sensitive  markers  for  jet  fuel  exposure  or  jet  fuel  exposures  occurring  at  the  bases  were  too  low 
to  trigger  inflammatory  effects.  Additional  work  is  required  to  identify  key  biomarkers  that  are 
predictive  of  exposure  to  specific  jet  fuels  or  eombustion  products. 
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2.0  INTRODUCTION 


Due  to  its  widespread  use,  JP-8  has  been  recognized  as  the  single  largest  source  of  chemical 
exposure  for  U.S.  and  NATO  military  personnel  (Carlton  and  Smith,  2000).  Inhalation  and 
dermal  contact  have  been  shown  to  represent  the  primary  routes  of  exposure  (Chao  et  al,  2005). 
The  potential  for  widespread  occupational  exposure  among  military  and  civilian  personnel  may 
result  in  toxicity  to  the  immune  system,  nervous  system  and  respiratory  tract  (National  Research 
Council,  2003).  Air  and  ground  crews  transfer  a  significant  amount  of  jet  fuel,  and  as  a  result  of 
transfers,  breathe  its  volatile  emission  from  residues.  Compounding  this  inhalation  exposure  is 
breathing  combustion  products  and  uncombusted  fuel  from  exhaust  emitted  from  a  variety  of  jet 
engines.  Lastly,  individuals  that  directly  transfer  fuel  have  intermittent  skin  exposure  to  liquid 
state  fuel  that  enhances  their  dose  received  during  their  work  shift.  Therefore,  a  tremendous 
need  exists  to  identify  biomarkers  predictive  of  toxic  insult  due  to  these  common  exposures  to 
volatile  organic  chemicals. 

JP-4  and  JP-8  jet  fuels  are  designed  to  power  aircraft  turbine  engines.  Each  jet  fuel  is  part  of  a 
family  of  jet  propulsion  fuels  made  into  unique  chemical  formulations  for  assuring  combustion 
power  and  performance  specifications.  During  the  distillation  of  crude  oil  to  make  JP-4,  a  wide 
cut  is  taken  of  the  distillate  so  as  to  include  both  the  naphtha  (gasoline)  and  kerosene  fractions. 
JP-4  is  typically  composed  of  about  50  to  60  percent  gasoline,  and  the  remainder  is  kerosene. 
Combat  experience,  observed  during  the  Vietnam  War,  revealed  that  the  USAF  aircraft,  using 
highly  volatile  JP-4,  had  higher  combat  losses  than  U.  S.  Navy  aircraft,  which  were  using  the 
lower  volatility  fuel  JP-5.  Also,  crash  data  indicated  that  the  probability  of  a  post-crash  fire  is 
nearly  100  percent  when  using  JP-4,  much  higher  than  with  a  kerosene-based  fuel  such  as  JP-5 
or  commercial  Jet  A  (USAF,  1996).  JP-8,  which  is  solely  a  kerosene-based  fuel,  was  developed 
and  introduced  to  provide  a  safer  jet  fuel  (similar  to  commercial  Jet  A-1)  for  the  USAF  and  has 
become  the  operational  fuel  for  DoD. 

The  two  primary  routes  for  occupational  jet  fuel  exposure  are  via  the  skin  (dermal  absorption) 
and  respiratory  tract  (inhalation).  A  number  of  human  and  animal  studies  have  looked  at  these 
two  routes.  Initial  studies  of  jet  fuel  toxicity  noted  that  many  observed  effects  are  attributable  to 
the  fuel  components  such  as  benzene,  toluene,  xylene,  and  n-hexane.  Studies  by  Struwe  et  al. 
(1983)  and  Knave  et  al.  (1976  and  1978)  documented  the  occurrence  of  symptoms  of 
neurasthenia  (chronic  fatigue  and  weakness,  loss  of  memory,  and  generalized  aches  and  pains), 
psychasthenia  (disorder  characterized  by  phobias,  obsessions,  compulsions,  or  excessive  anxiety) 
and  polyneuropathy  (disorder  of  the  peripheral  nerves)  in  civilian  and  military  aircraft  workers 
exposed  to  jet  fuel.  They  also  reported  cases  of  sexual  dysfunction  which  were  possibly 
neurologic  in  origin.  Government  literature  reviews  summarizing  the  health  effects  of  jet  fuel 
exposure  have  been  published  (USAF,  1989;  ATSDR,  1993),  primarily  focusing  on  JP-4.  The 
major  findings  for  JP-4  exposure  have  been  skin  irritation  and  defatting,  neurotoxicity, 
nephrotoxicity,  and  renal  carcinogenicity  (in  male  rats). 

Animal  studies  support  previous  findings  involving  human  exposures  showing  that  JP-8  can 
induce  irritation.  However,  JP-8  animal  irritation  studies  have  produced  mixed  results  and  may 
be  dependent  on  the  source  of  the  fuel  (oil  field  acquired  and/or  refinery  processes)  and  its 
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subcomponent  chemical  profile.  JP-8  is  formulated  to  performance  specifications  that  can 
ultimately  lead  to  each  batch  of  fuel  having  a  slightly  different  percentage  of  chemical 
components.  Some  components,  as  well  as  the  chemical  additives,  may  influence  toxicity  during 
exposure.  JP-8  was  found  to  be  non-irritating  in  the  rabbit  primary  eye  irritation  test  (Smith  et 
al,  1981;  Kinkead  et  al,  1992a).  Results  in  the  corresponding  rabbit  skin  irritation  test  ranged 
from  non- irritating  (Smith  et  al,  1981;  Wolfe  et  al,  1996)  to  slightly  irritating  (Kinkead  et  al, 
1992a),  to  slight  to  moderately  irritating  (Hurley  et  al,  2011).  Differences  may  be  dependent  on 
the  source  and/or  performance  mixture  components  of  the  JP-8.  JP-4  was  considered  to  be  non¬ 
irritating  in  the  rabbit  primary  eye  irritation  test  and  slightly  irritating  in  the  rabbit  skin  irritation 
test  (Kinkead  et  al,  1992b).  The  rabbit  skin  irritation  test,  which  was  conducted  four  times  for 
JP-8  with  variable  results  and  once  for  JP-4,  was  ultimately  not  predictive  for  human  exposure 
(Mattie  and  Sterner,  2011).  JP-4  was  not  found  to  be  irritating  to  workers,  even  though  the  rabbit 
test  indicated  that  it  was  slightly  irritating  to  rabbit  skin.  The  two  negative  results  for  dermal 
irritation  in  rabbit  studies  for  JP-8  gave  the  impression  that  JP-8  would  be  the  same  as  JP-4,  or  at 
least  less  irritating  to  humans.  In  actuality,  after  longer  operational  use,  JP-8  appears  to  cause 
more  dermal  irritation  to  humans  than  JP-4  based  on  anecdotal  reporting  received  from 
operational  and  medical  personnel. 

Jet  fuel  toxicity  assessments  also  evaluated  the  ability  of  the  fuels  to  induce  respiratory  irritation. 
Several  studies  have  evaluated  jet  fuel  induced  respiratory  effects.  Respiratory  tract  sensory 
irritation  was  examined  for  JP-4  and  JP-8  in  male  Swiss-Webster  mice.  Groups  of  mice  were 
exposed  head-only  to  JP-4  at  concentrations  of  685,  956,  1888,  or  1 1430  mg/m^  or  JP-8  at  681, 
708,  1090,  1837  or  3565  mg/m^  for  30  minutes.  The  calculated  concentration  at  which  the 
respiratory  rate  decreased  50  percent  (RD50)  was  4842  and  2876  mg/m^  for  each  fuel, 
respectively  (Whitman  and  Hinz,  2001).  The  depression  of  mouse  respiration  rate  shows  a 
potential  for  greater  irritation  from  inhalation  of  JP-8,  although  both  fuels  showed  respiratory 
depression  and  irritation.  The  irritation  potential  of  JP-8  is  also  supported  by  reports  from 
military  personnel  working  with  JP-8  (Olsen  et  al,  1998). 

A  comparison  of  JP-4  and  JP-8  composition  revealed  that  the  concentration  of  benzene  and  n- 
hexane  in  JP-8  are  reduced  when  compared  to  JP-4.  Despite  lower  percentages  of  benzene  and 
n-hexane  in  JP-8,  awareness  of  JP-4’s  reported  health  effects  resulted  in  comprehensive  toxicity 
studies  of  the  newer  JP-8  jet  fuel.  This  conscious  effort  to  study  the  effects  of  JP-8  resulted  in  a 
number  of  toxicity  reviews  for  JP-8  and  jet  fuel  in  general.  These  include  military  reviews 
(USAF,  1989;  Ritchie  et  al,  2003;  Mattie  and  Sterner,  201 1)  as  well  as  those  performed  by  other 
government  agencies  (National  Research  Council,  1996  and  2003;  ATSDR,  1998).  Although  JP- 
8  appears  to  be  less  toxic  than  JP-4,  definitive  comparative  studies  have  not  been  conducted.  A 
technical  report  described  an  investigation  of  flight  line  workers  at  Hill  AFB  as  the  base 
converted  from  JP-4  to  JP-8.  However,  the  total  numbers  of  personnel,  and  the  single 
observation  of  workers  exposed  to  JP-4  before  conversion  to  JP-8,  were  not  sufficient  to  draw 
any  significant  conclusions  (Olsen  et  al,  1998). 

Kobayashi  and  Kikukawa  (2000)  showed  combusted  jet  fuel  having  higher  amounts  of  the 
irritant  and  suspected  carcinogen,  formaldehyde,  in  the  exhaust  of  JP-8  powered  F-4  engines. 

The  lack  of  studies  conclusively  demonstrating  the  difference  in  risk  between  JP-4  and  JP-8 
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combustion  products  is,  and  has  remained,  a  concern  to  the  Japan  Air  Self-Defense  Force 
(JASDF).  Preliminary  results  from  limited  sampling  by  JASDF  has  shown  parts  per  billion 
(ppb)  detectable  levels  of  benzene,  toluene,  hexane,  heptane,  nonane,  decane,  undecane,  and 
dodecane  in  the  exhaust  of  F-15J  engines  using  JP-4  in  Japan.  In  the  exhaust  of  C-130s,  JASDF 
found  ppb  levels  of  undecane,  tridecane,  tetradecane,  and  pentadecane.  All  of  these  components 
of  JP-4  jet  fuel  exhaust  are  of  concern  to  JASDF  Surgeon  General.  As  a  result  their  military  has 
delayed  the  switch  to  JP-8. 

A  direct  human  exposure  response  comparison  study  during  military  operations,  able  to  evaluate 
and  compare  JP-4  and  JP-8  by  both  characterizing  jet  fuel  components  and  their  amounts  in 
blood,  urine  and  within  flight  line  air  environment  is  necessary  to  draw  substantive  conclusions 
regarding  the  higher  human  toxicity  of  either  fuel.  This  project  was  a  collaborative  research 
effort  between  the  U.S.  Air  Force  (USAF)  and  the  JASDF  designed  to  investigate  jet  fuel 
exposure  health  effects  to  ground  crews  handling  JP-4  versus  ground  crews  handling  JP-8. 

Since  little  is  known  concerning  level  of  exposure  and  the  corresponding  response  biomarkers 
associated  with  human  jet  fuel  exposure,  screening  blood  of  flight  line  personnel  for  possible 
detectable  biomarkers  will  be  the  first  effort  to  identify  changes  and  new  biomarkers  from  jet 
fuel  exposure.  This  report  describes  the  USAF’s  examination  of  ten  proinflammatory  cytokines 
in  serum. 

Chemical  exposures  can  potentially  lead  to  the  generation  of  reactive  oxygen  species.  Oxidative 
stress  and  inflammation  have  been  implicated  in  inhalation  JP-8  exposures  (Espinoza  et  al, 

2006;  Hays  et  al,  1995).  Cytokines  can  be  induced  by  oxidative  stress  and  are 
immunomodulatory  proteins  (i.e.,  interleukins  (IL))  that  normally  function  in  cell  signaling  and 
as  immunomodulating  agents.  Cytokines  have  been  known  to  be  involved  in  response  to  JP-8 
induced  oxidative  stress  in  dermal  and  inhalation  jet  fuel  exposure  studies  (Harris  et  al,  2007; 
Ramos  et  al,  2009).  The  concentration  of  cytokines  can  increase  in  response  to  trauma  or 
infection.  Cytokines  appear  to  be  successful  as  biomarkers  when  they  are  key  drivers  of  acute 
toxicity,  but  biological  variability,  assay  sensitivity  and  short  half-life  are  still  issues  (Tarrant, 
2010).  Most  nucleated  cells,  especially  those  near  the  interface  with  the  external  environment 
such  as  skin  and  lung,  are  capable  of  being  potent  cytokine  producers.  Samples  from  studies 
investigating  dermal  and  inhalation  jet  fuel  exposures  revealed  a  common  dysregulated  cytokine 
profile.  Jet  fuel  dermal  exposure  studies  using  rats  led  to  induction  of  IL-1  alpha,  TNF-a,  and 
PGE2  to  levels  different  than  those  of  non-exposed  controls  (Fulzele  et  al,  2007).  Inhaled  jet 
fuel  exposure  using  mice  led  to  an  increase  in  serum  IL-10  and  the  proinflammatory  agent  PGE2 
(Harris  et  al,  2007).  Gene  expression  profiles  of  jet  fuel  exposed  rat,  mice  and  cell  lines  to 
include  human  dermal  and  alveolar  cell  lines  have  consistently  discovered  inflammatory 
pathway  changes.  We  measured  cytokine  inflammation  mediators  IL-1  alpha,  IL-1  beta,  IL-2, 
IL-6,  IL-8,  IL-10,  IL-12p70,  TNF-a,  IFN-y,  and  GM-CSF. 


3.1  MATERIALS  AND  METHODS 

3.2  Subjects/Sampling 
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The  study  was  designed  to  recruit  the  following  total  number  of  flight  line  personnel  subjects: 

30  to  50  subjects  from  F-15  U.S.  air  base  exposed  to  JP-8,  30  to  50  subjects  from  C-130  U.S.  air 
base  (AB)  exposed  to  JP-8,  30  to  50  subjects  from  one  or  more  F-15  JASDF  air  bases  exposed  to 
IP -4,  30  to  50  subjects  from  the  C-130  JASDF  air  base  exposed  to  JP-4.  Control  subjects  needed 
to  be  office  or  hospital  personnel  sampled  in  an  identical  manner  as  flight  line  personnel: 
matched  to  the  number  of  flight  line  personnel  number  (30  to  50)  for  JP-8  at  U.S.  air  bases  and 
matched  to  number  of  flight  line  personnel  number  (30  to  50)  for  JP-4  from  JASDF  air  bases. 
Since  office  personnel  at  JASDF  air  bases  are  exposed  to  jet  fuel  due  to  smaller  sized  bases  and 
vapor  that  permeates  the  entire  base,  control  subjects  also  needed  to  be  sampled  at  Tachikawa 
AB  where  there  are  no  flight  operations.  Subjects  were  volunteers  who  were  active  duty  (USAF 
and  JASDF)  crew  chiefs  or  other  flight  line  personnel.  Subjects  could  be  male  or  female  and  the 
age  range  could  be  18-50  years  old.  Subjects  were  questioned  about  the  following  information: 
name  (was  in  header  and  cut  off  after  sampling  was  completed),  career  field,  rank,  years  of 
service,  age,  gender,  work  experience,  hobbies  (other  fuel  or  solvent  exposures;  worked  on  car  or 
truck  engines,  either  on  or  off  duty),  and  last  time  they  fueled  a  government  or  personal  vehicle 
and  type  of  fuel.  At  end  of  shift  questions  were  asked  about  exposures  during  shift  as  well  as  a 
brief  summary  of  work  activities  associated  with  jet  fuel  and  jet  exhaust  including  time  on  flight 
line  (location  of  job,  physical  activities).  Additional  questions  were  about  exposure  to  spills  of 
any  kind,  direct  dermal  exposure  to  jet  fuel  or  solvent  or  other  exposures  such  as  cleaning  fluids 
and  smoking  (if  a  smoker,  number  of  cigarettes/cigars  smoked).  Final  sample  numbers  at  each 
base  are  listed  in  Table  1. 


Table  1.  Summary  of  Final  Number  of  Blood  Samples  Collected  for  Analysis 


Base 

Country 

Jet 

Fuel 

Control 

Exposed 

Comment 

Kadena 

U.S.A. 

F-15 

JP-8 

n=24 

n=33 

Yokota 

U.S.A. 

C-130 

JP-8 

n=22 

n=16 

Naha 

Japan 

F-15 

JP-4 

n=22 

n=30 

Komaki 

Japan 

C-130 

JP-4 

n=28 

Komatsu 

Japan 

F-15 

JP-4 

n=19 

Tachikawa 

Japan 

NA 

NA 

n=29 

No  Active  Runway 

Sampling  involved  collecting  three  times  from  a  subject  over  a  single  time  period  of  two  days. 
Samples  were  collected  according  to  the  typical  sequence  of  events  at  each  base  (Table  2). 
Sampling  days  were  Monday  through  Friday  depending  on  subject  availability. 


Table  2.  Sampling  Schedule 


Shift  Collection  Time 

Pre-Shift _ 6  a.m.  -  8  a.m. _ 
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Blood  Draw _ 

Collect  U'  blood  sample 
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During  Shift  8  a.m.  -  4  p.m.  N/A  -  perform  work  duties  as  usual 

Post-Shift  4  p.m.  -  6  p.m.  Collect  2"‘*  blood  sample 

Recovery  6  a.m.  -  8  a.m.  (next  day  prior  to  shift)  Collect  3*^^  blood  sample 


Each  subject  had  their  blood  drawn  at  the  clinic,  base  hospital,  or  an  approved  area  designated  by 
the  Associate  Investigator  from  that  base.  Prior  to  the  shift  (pre-shift),  each  subject  had  5  mL  of 
blood  drawn  into  a  5  mL  blood  collection  tube  with  no  anticoagulants  to  obtain  semm.  The 
procedure  was  repeated  post-shift  and  the  following  morning  (recovery).  The  5  mL  blood 
sample  was  allowed  to  clot  at  room  temperature  for  30  min.  The  sample  was  spun  at  3000  RPM 
for  30  minutes,  the  serum  removed  and  placed  into  three  1  mL  tubes  for  each  time  point.  The  1 
mL  serum  tubes  were  frozen  and  maintained  at  -20  °C  until  shipping  to  71 1  HPW/RHDJ, 
Wright-Patterson  Air  Force  Base,  Dayton,  OH.  The  1  mL  serum  tubes  were  shipped  to  71 1 
HPW/RHDJ  on  dry-ice  in  an  insulated  shipping  container.  LFpon  arrival  at  Wright-Patterson  Air 
Force  Base  (WPAFB),  all  samples  were  stored  at  -80  °C  until  they  were  assayed. 


3.3  Human  IL-la  Ultra-Sensitive  Multi-Array®  Assay 

The  Meso  Scale  Discovery  Human  IL-la  Ultra-Sensitive  Multi- Array®  Assay  was  used  to 
detect  IL-la  in  human  serum  samples.  The  Multi- Array®  kit  uses  a  sandwich  immunoassay 
format  to  detect  IL-la.  Unlike  in  a  colorimetric  approach,  the  detection  antibody  in  the  Multi- 
Array®  Assay  is  labeled  with  an  electrochemiluminescent  (ECL)  MSD  SULFO-TAG™  label. 

A  SECTOR®  instmment  is  used  to  apply  a  voltage  to  electrodes  coated  on  the  plates  causing  the 
SULFO-TAG™  to  emit  light.  The  intensity  of  the  emitted  light  is  used  to  provide  a  quantitative 
measure  of  IL-la. 

To  measure  levels  of  IL-la,  Multi- Array®  assays  were  performed  as  described  in  the  Meso 
Scale  Discovery  Human  IL-la  Ultra- Sensitive  Kit  protocol  (MSD  Cat.  No.  K151AFC).  Serum 
samples  were  centrifuged  to  remove  all  solid  material.  Twenty-five  microliters  of  diluent  2  were 
added  to  the  wells  of  96-well  Multi-Spot®  plates  coated  with  capture  antibody  for  IL-la  and 
incubated  for  30  minutes  at  room  temperature  with  shaking  at  500  RPM.  Twenty-five 
microliters  of  calibrator  or  undiluted  sample  were  added  to  the  wells  of  the  plate  and  incubated 
for  2  hours  at  room  temperature  with  shaking  at  500  RPM.  Plates  were  washed  3  times  with  300 
uL  phosphate  buffered  saline  plus  0.05  percent  Tween-20  (PBST).  Twenty-five  microliters  of 
SULFO-TAG™  Anti-hIL-la  detection  antibody  were  added  and  incubated  for  2  hours  at  room 
temperature  with  shaking  at  500  RPM.  Wells  were  washed  three  times  with  300  uL  PBST.  One 
hundred  and  fifty  microliters  of  read  buffer  T  with  surfactant  were  added,  and  the  ECL  signal 
was  measured  immediately  using  a  SECTOR®  Imager  2400  (Meso  Scale  Discovery). 


3.4  Human  Proinflammatory  9-Plex  Ultra-Sensitive  Multi-Spot®  Assay 
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The  Human  Proinflammatory  9-Plex  Ultra-Sensitive  Multi-Spot®  Assay  is  a  multiplex  assay 
capable  of  detecting  multiple  protein  targets  simultaneously.  The  capture  antibodies  for  each  of 
the  targets  are  in  the  same  well,  but  coated  on  distinct  electrodes.  The  Multi-Spot®  kit  uses  a 
sandwich  immunoassay  format  in  which  the  detection  antibodies  are  labeled  with  an  ECL  MSD 
SULFO-TAG™  label.  A  SECTOR®  instmment  is  used  to  apply  a  voltage  to  electrodes  coated 
on  the  plates  causing  the  SULFO-TAG™  to  emit  light.  The  intensity  of  the  emitted  light  is  used 
to  provide  a  quantitative  measure  of  each  protein  target. 

Multi-Spot®  assays  were  performed  as  described  in  the  Meso  Scale  Discovery  Human 
Proinflammatory  9-Plex  Ultra-Sensitive  Kit  protocol  (MSD  Cat.  No.  K15007C).  The  following 
nine  cytokines  were  measured:  IL-2,  IL-8,  IL-12  p70,  IL-ip,  GM-CSF,  IFN-y,  IL-6,  IL-10,  and 
TNF-a.  Serum  samples  were  centrifuged  to  remove  all  solid  material.  Twenty- five  microliters 
of  diluent  2  were  added  to  the  wells  of  96-well  Multi-Spot®  plates  coated  with  capture 
antibodies  for  IL-2,  IL-8,  IL-12  p70,  IL-Ip,  GM-CSF,  IFN-y,  IL-6,  IL-IO,  and  TNF-a  and 
incubated  for  30  minutes  at  room  temperature  with  shaking  at  500  RPM.  Twenty-five 
microliters  of  calibrator  or  undiluted  sample  were  added  to  the  wells  of  the  plate  and  incubated 
for  2  hours  at  room  temperature  with  shaking  at  500  RPM.  Plates  were  washed  3  times  with  300 
uL  PBST.  Twenty-five  microliters  of  SULFO-TAG™  9-Plex  detection  antibody  blend  were 
added  and  incubated  for  2  hours  at  room  temperature  with  shaking  at  500  RPM.  Wells  were 
washed  three  times  with  300  uL  PBST.  One  hundred  and  fifty  microliters  of  read  buffer  T  with 
surfactant  were  added,  and  the  ECL  signal  was  measured  immediately  using  a  SECTOR® 
Imager  2400  (Meso  Scale  Discovery). 


3.5  Statistical  Analysis 

All  data  were  the  average  of  duplicate  determinations.  For  statistical  purposes,  cytokine 
measurements  that  were  “Below  Fit  Curve  Range”  (as  determined  by  the  standard  curve  for  each 
cytokine  individually)  were  assigned  an  arbitrary  value  of  zero.  Cytokine  measurements  that 
were  “Below  Detection  Limit”  (BDL)  were  estimated  with  an  extrapolation  from  the  standard 
curve.  These  samples  were  included  in  both  the  plots  presented  and  the  statistical  analysis 
conducted,  except  in  the  case  of  IFN-y,  GM-CSF,  IL-2,  IL-ip,  and  IL-la  where  a  majority  of  the 
samples  had  a  value  below  the  lower  limit  of  detection  (LLOD).  In  the  case  of  IFN-y,  GM-CSF, 
IL-2,  IL-ip,  and  IL-la,  non-rigorous  data  analysis  is  presented.  Two-tailed  t-tests  were  used  to 
make  comparisons  between  control  and  exposure  groups.  For  all  other  cytokines,  evaluation  of 
the  association  of  jet  fuel  exposure  with  biomarkers  of  immune  response  was  completed  using 
one-way  analysis  of  variance  (ANOVA).  When  a  significant  difference  was  found  at  a  =  0.5, 
Mann- Whitney  U-tests  were  performed  to  identify  which  groups  differed  significantly.  Analyses 
were  conducted  in  Excel  2010. 


4.1  RESULTS 

4.2  Human  IL-la  Ultra-Sensitive  Multi-Array®  Assay 
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The  Meso  Scale  Discovery  Human  IL-la  Ultra-Sensitive  Multi- Array®  Assay  was  used  to  detect 
IL-la  in  human  serum  samples.  The  lower  limit  of  detection  of  IL-la  in  this  assay  is  0.12 
pg/mL,  or  2.5  standard  deviations  above  the  background  signal.  Basal  levels  of  IL-la  in  healthy 
human  serum  samples  were  established  by  measuring  eight  normal  human  serum  samples.  The 
median  concentration  of  IL- 1  a  was  0.14  pg/mL.  The  lowest  concentration  of  IL- 1  a  was 
BDL  of  the  assay.  The  highest  concentration  of  IL-la  observed  in  healthy  human  serum  was 
0.94  pg/mL.  These  parameters  were  established  by  the  manufacturer  of  the  kit. 

Approximately  92  percent  of  all  samples  tested  fell  below  the  LLOD  of  the  IL-la  assay  (Figure 
1).  Of  the  samples  that  tested  within  the  range  of  the  assay,  approximately  80  percent  came  from 
exposed  subjects  (77  percent  JP-4-exposed,  23  percent  JP-8-exposed).  Two-tailed  t-tests  were 
conducted  on  samples  that  fell  within  the  range  of  the  assay  to  compare  IL-la  levels  between 
control  subjects  and  fuel-exposed  subjects.  When  averaging  pre-shift,  post-shift  and  recovery 
concentrations,  IL-la  levels  in  JP-4-exposed  subjects  (mean  =  0.37  pg/mL,  standard  deviation 
(SD)  =  0.36  pg/mL)  were  not  significantly  different  (p  >  0.05)  from  levels  in  control  subjects 
(mean  =  0.64  pg/mL,  SD  =  0.38  pg/mL).  There  was  also  no  statistically  significant  difference 
between  JP-8-exposed  subjects  (mean  =  0.47  pg/mL,  SD  =  0.35  pg/mL)  and  control  subjects 
(mean  =  0.44  pg/mL,  SD  =  0. 14  pg/mL).  In  addition,  no  statistically  significant  difference  was 
observed  between  subjects  exposed  to  JP-8  (mean  =  0.47  pg/mL,  SD  =  0.35  pg/mL)  and  subjects 
exposed  to  JP-4  (mean  =  0.37  pg/mL,  SD  =  0.36  pg/mL).  The  highest  concentration  of  IL-la 
(2.07  pg/mL)  was  observed  in  a  JP-4-exposed  subject  at  the  recovery  time  point.  The 
concentration  was  approximately  2-fold  higher  than  the  maximum  concentration  measured  in 
normal  human  serum  samples  (0.94  pg/mL,  established  by  the  manufacturer  of  the  kit). 
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Distribution  af  IL-lct  Concentrations 
in  Control  Subjects 
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Concentration  (pg/mL) 
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■  Recovery  [n=122) 
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Figure  1.  Distribution  of  IL-la  Concentrations  in  (A)  Control  Subjects  and  (B)  Exposed 
Subjects.  Control  data  combine  subjects  from  Kadena,  Yokota,  Naha  and  Tachikawa.  Exposed 
data  combine  subjects  from  Kadena,  Yokota,  Naha,  Komaki  and  Komatsu. 


4.2  Human  Proinflammatory  9-Plex  Ultra-Sensitive  Multi-Spot®  Assay 

Because  the  Human  Proinflammatory  9-Plex  Ultra- Sensitive  Multi-Spot®  Assay  is  a  multiplex 
assay,  by  definition  it  is  capable  of  detecting  multiple  protein  targets  simultaneously.  The  assay 
was  used  to  detect  the  following  nine  cytokines:  IL-2,  IL-8,  IL-12  p70,  IL-ip,  GM-CSF,  IFN-y, 
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IL-6,  IL-10  and  TNF-a.  The  LLOD  of  each  cytokine  and  its  median  concentration  in  normal 
human  serum  samples  are  listed  in  Table  3. 

Table  3.  Lower  Limit  of  Detection  and  Median  Levels  of  Nine  Cytokines  Detected  by  the 
Human  Proinflammatory  9-Plex  Ultra-Sensitive  Multi-Spot®  Assay 


Cytokine 

LLOD  (pg/mL)* 

Median  Concentration  (pg/mL) 

IL-8 

0.090 

7.4 

TNF-a 

0.50 

4.2 

IL-6 

0.27 

1.8 

IL-10 

0.21 

1.0 

IL-12p70 

1.4 

2.2 

IFN-y 

0.53 

0.8 

GM-CSF 

0.20 

<LLOD 

IL-2 

0.35 

<LLOD 

IL-ip 

0.36 

<LLOD 

*LLODs  were  calculated  based  on  a  signal  2.5  standard  deviations  above  the  zero  calibrator. 
Median  concentrations  were  determined  by  measuring  8  normal  human  serum  samples.  Both 
parameters  were  established  by  Meso  Scale  Discovery. 


In  the  case  of  GM-CSF,  IFN-y,  IL-2  and  IL-1|3  the  majority  of  samples  had  concentrations  below 
the  LLOD  of  the  assay  (Table  4).  Based  on  the  LLOD  and  the  basal  concentrations  of  these 
cytokines  established  by  MSD  it  is  not  surprising  that  the  Human  Proinflammatory  9-Plex  Ultra- 
Sensitive  Multi-Spot®  Assay  was  not  sensitive  enough  to  quantitate  GM-CSF,  IFN-y,  IL-2  and 
IL-ip  in  the  majority  of  subjects.  According  to  the  manufacturer  of  the  kit,  the  lowest 
concentrations  of  these  four  cytokines  in  healthy  human  semm  are  below  the  LLOD  of  the  assay. 
In  addition,  the  median  concentrations  of  GM-CSF,  IL-2  and  IL-ip  in  normal  human  serum  are 
below  the  LLOD  of  the  assay.  The  median  concentration  of  IFN-y  is  0.8  pg/mL. 


Table  4.  Percentage  of  Samples  Below  Detection  Limits 


Cytokine 

Samples  BDL  (%*) 

Samples  In  Range  (%*) 

IL-8 

0.0 

100.0 

TNF-a 

0.8 

99.2 

IL-6 

14.9 

85.1 

IL-10 

16.4 

83.6 

IL-12p70 

50.7 

49.3 

GM-CSF 

78.7 

21.3 

IFN-y 

80.5 

19.5 

IL-2 

90.8 

9.2 

IL-ip 

96.2 

3.8 

*Percentages  are  based  on  subjects  from  all  sample  populations  and  data  from  all  time  points. 
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4.2.1  Granulocyte-macrophage  colony-stimulating  factor  (GM-CSF).  Approximately  79 
percent  of  the  samples  tested  for  GM-CSF  fell  below  the  LLOD  of  the  assay  (Figure  2).  Of  the 
samples  that  tested  within  the  range  of  the  assay,  approximately  59  percent  came  from  exposed 
subjects  (61  percent  JP-4-exposed,  39  percent  JP-8-exposed).  Two-tailed  t-tests  were  conducted 
on  samples  that  fell  within  the  range  of  the  assay  to  compare  GM-CSF  levels  between  control 
subjects  and  fuel-exposed  subjects.  When  averaging  pre-shift,  post-shift,  and  recovery 
concentrations,  GM-CSF  levels  in  JP-4-exposed  subjects  (mean  =  2.79  pg/mL,  SD  =  5.54 
pg/mL)  were  not  significantly  different  (p  >  0.05)  from  levels  in  control  subjects  (mean  =  2.15 
pg/mL,  SD  =  2.69  pg/mL).  There  was  also  no  statistically  significant  difference  between  JP-8- 
exposed  subjects  (mean  =  1.24  pg/mL,  SD  =  0.55  pg/mL)  and  control  subjects  (mean  =  1.93 
pg/mL,  SD  =  2.67  pg/mL).  In  addition,  no  statistically  significant  difference  was  observed 
between  subjects  exposed  to  JP-8  (mean  =  1.24  pg/mL,  SD  =  0.55  pg/mL)  and  subjects  exposed 
to  JP-4  (mean  =  2.79  pg/mL,  SD  =  5.54  pg/mL).  The  highest  concentration  of  GM-CSF  (31.58 
pg/mL)  was  observed  in  a  JP-4-exposed  subject  at  the  post-exposure  time  point.  The 
concentration  was  approximately  20-fold  higher  than  the  maximum  concentration  measured  in 
normal  human  serum  samples  (1.5  pg/mL,  established  by  the  manufacturer  of  the  kit,  MSD). 
GM-CSF  concentrations  between  10-13  pg/mL  were  observed  in  control  subjects  from  Naha  and 
Yokota.  These  concentrations  exceeded  the  GM-CSF  concentration  of  normal  human  semm 
established  by  Meso  Scale  Discovery  by  approximately  10-fold. 
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Distribution  of  GM-CSF  Concentrations 
in  Control  Subjects 


BDL  BDL-1  1-10  10^20  >20 


■  Pre-Shift  (n='97) 

■  Post-Shift  (n=96) 

■  Re  covery  (n=97) 


Concentration  (pg/mL) 


Distribution  of  GM-CSF  Concentrations 
in  Exposed  Subjects 


BDL  BDL-l  1-10  10-20  >20 


■  Pre-Shift  (n=126) 

■  Post-Shift  (n=125) 

■  Recovery  [n=122) 


Concentration  (pg/ml) 


Figure  2.  Distribution  of  GM-CSF  Concentrations  in  (A)  Control  Subjects  and  (B) 
Exposed  Subjects.  Control  data  combine  subjects  from  Kadena,  Yokota,  Naha  and  Tachikawa. 
Exposed  data  combine  subjects  from  Kadena,  Yokota,  Naha,  Komaki  and  Komatsu. 


4.2.2  Interferon  Gamma  (IFN-y).  Approximately  8 1  percent  of  the  samples  tested  for  IFN-y 
fell  below  the  LLOD  of  the  assay  (Figure  3).  Of  the  samples  that  tested  within  the  range  of  the 
assay,  approximately  40  percent  came  from  exposed  subjects  (51  percent  JP-4-exposed,  49 
percent  JP-8-exposed).  Two-tailed  t-tests  were  conducted  on  samples  that  fell  within  the  range 
of  the  assay  to  compare  IFN-y  levels  between  control  subjects  and  fuel-exposed  subjects.  When 
averaging  pre-shift,  post-shift  and  recovery  concentrations,  IFN-y  levels  in  JP-4-exposed  subjects 
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(mean  =  1.90  pg/mL,  SD  =  1.99  pg/mL)  were  not  significantly  different  (p  >  0.05)  from  levels  in 
control  subjects  (mean  =  1.28  pg/mL ,  SD  =  0.83  pg/mL).  There  was  also  no  statistically 
significant  difference  between  JP-8-exposed  subjects  (mean  =  1.43  pg/mL,  SD  =  0.55  pg/mL) 
and  control  subjects  (mean  =  1.69  pg/mL,  SD  =  1.35  pg/mL).  In  addition,  no  statistically 
significant  difference  was  observed  between  subjects  exposed  to  JP-8  (mean  =  1.43  pg/mL,  SD  = 
0.55  pg/mL)  and  subjects  exposed  to  JP-4  (mean  =  1.90  pg/mL,  SD  =  1.99  pg/mL).  The  highest 
concentration  of  IFN-y  (approximately  10  pg/mL)  was  observed  in  a  JP-4-exposed  subject  at  the 
recovery  time  point.  IFN-y  concentrations  between  5-8  pg/mL  were  observed  in  control  subjects 
from  Kadena.  These  concentrations  were  approximately  5 -fold  higher  than  the  maximum 
concentration  in  normal  human  semm  samples  (1.6  pg/mL)  established  by  Meso  Scale 
Discovery. 
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Distribution  of  IFN-y  Concentrations 
in  Control  Subjects 


BDL  BDL-1  1-5 

Concentration  (pg/mL) 


I  Pre-Shift  (n=97) 

I  Post -Shift  (n=96) 
I  Recovery  (n=97) 


Distribution  of  IFN-y  Concentrations 
in  Exposed  Subjects 


BDL  BDL-1  1-5  5-10 


Concentration  (pg/ml) 


■  Pre-Shift  (n=126) 

■  Post-Shift  (n=125) 

■  Recovery  (n=122) 


Figure  3.  Distribution  of  IFN-y  Concentrations  in  (A)  Control  Subjects  and  (B)  Exposed 
Subjects.  Control  data  combine  subjects  from  Kadena,  Yokota,  Naha,  and  Tachikawa.  Exposed 
data  combine  subjects  from  Kadena,  Yokota,  Naha,  Komaki,  and  Komatsu. 


4.2.3  Interleukin-2  (IL-2).  Approximately  91  percent  of  the  samples  tested  for  IL-2  fell  below 
the  LLOD  of  the  assay  (Figure  4).  Of  the  samples  that  tested  within  the  range  of  the  assay, 
approximately  48  percent  came  from  exposed  subjects  (55  percent  JP-4-exposed,  45  percent  JP- 
8-exposed).  Two-tailed  t-tests  were  conducted  on  samples  that  fell  within  the  range  of  the  assay 
to  compare  IL-2  levels  between  control  subjects  and  fuel-exposed  subjects.  When  averaging  pre¬ 
shift,  post-shift  and  recovery  concentrations,  IL-2  levels  in  JP-4-exposed  subjects  (mean  =1.01 
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pg/mL,  SD  =  1.61  pg/mL)  were  not  significantly  different  (p  >  0.05)  from  levels  in  control 
subjects  (mean  =  0.89  pg/mL ,  SD  =  0.54  pg/mL).  A  statistically  significant  difference  was 
observed  between  JP-8-exposed  subjects  and  JP-8  control  subjects  (p  =  0.03).  IL-2 
concentrations  of  control  subjects  (mean  =  1.00  pg/mL,  SD  =  0.74  pg/mL)  were  slightly  higher 
than  those  of  JP-8-exposed  subjects  (mean  =  0.59  pg/mL,  SD  =  0.16  pg/mL).  No  statistically 
significant  difference  was  observed  between  subjects  exposed  to  JP-8  (mean  =  0.59  pg/mL,  SD  = 
0.16  pg/mL)  and  subjects  exposed  to  JP-4  (mean  =1.01  pg/mL,  SD  =  1.61  pg/mL).  The  highest 
concentration  of  lL-2  (5.7  pg/mL)  was  observed  in  a  JP-4-exposed  subject  at  the  pre-shift  time 
point.  IL-2  concentrations  as  high  as  2.7  pg/mL  were  observed  in  control  subjects.  These 
concentrations  were  lower  than  the  maximum  concentration  in  normal  human  serum  samples  (15 
pg/mL)  observed  by  Meso  Scale  Discovery. 
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Figure  4.  Distribution  of  IL-2  Concentrations  in  (A)  Control  Subjects  and  (B)  exposed 
Subjects.  Control  data  combine  subjects  from  Kadena,  Yokota,  Naha  and  Tachikawa.  Exposed 
data  combine  subjects  from  Kadena,  Yokota,  Naha,  Komaki  and  Komatsu. 


4.2.4  InterIeukin-1  Beta  (IL-ip).  Approximately  96  percent  of  the  samples  tested  for  IL-ip 
fell  below  the  LLOD  of  the  assay  (Figure  5).  Of  the  samples  that  tested  within  the  range  of  the 
assay,  approximately  64  percent  came  from  exposed  subjects  (75  percent  JP-4-exposed,  25 
percent  JP-8-exposed).  Two-tailed  t-tests  were  conducted  on  samples  that  fell  within  the  range 
of  the  assay  to  compare  IL-ip  levels  between  control  subjects  and  fuel-exposed  subjects.  IL-ip 
levels  in  JP-4-exposed  subjects  (mean  =  1.95  pg/mL,  SD  =  1.74  pg/mL)  were  significantly 
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higher  (p  =  0.013)  than  levels  in  control  subjects  (mean  =  0.45  pg/mL  ,  SD  =  0.08  pg/mL).  A  t- 
test  was  not  conducted  to  compare  IL-1|3  levels  between  JP-8-exposed  subjects  (mean  =  2.95 
pg/mL,  SD  =  1.18  pg/mL)  and  control  subjects  because  only  one  control  subject  had  IL-1[3  levels 
that  fell  within  the  range  of  the  assay  (1.24  pg/mL).  No  statistically  significant  difference  was 
observed  between  subjects  exposed  to  JP-8  (mean  =  2.95  pg/mL,  SD  =  1.81  pg/mL)  and  subjects 
exposed  to  JP-4  (mean  =  1.95  pg/mL,  SD  =  1.74  pg/mL).  The  highest  concentration  of  IL-ip 
(6.3  pg/mL)  was  observed  in  a  JP-4-exposed  subject  at  the  post-shift  time  point.  IL-ip 
concentrations  as  high  as  1.2  pg/mL  were  observed  in  control  subjects.  Both  concentrations 
were  higher  than  the  maximum  concentration  in  normal  human  serum  samples  (0.53  pg/mL) 
observed  by  Meso  Scale  Discovery. 
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Figure  5.  Distribution  of  IL-ip  Concentrations  in  (A)  Control  Subjects  and  (B)  Exposed 
Subjects.  Control  data  combine  subjects  from  Kadena,  Yokota,  Naha,  and  Tachikawa.  Exposed 
data  combine  subjects  from  Kadena,  Yokota,  Naha,  Komaki,  and  Komatsu. 


4.2.5  Interleukin-8  (IL-8).  All  of  the  samples  tested  for  IL-8  fell  within  the  range  of  the  assay. 
The  distribution  of  IL-8  concentrations  in  control  subjects  and  in  exposed  subjects  is  depicted  in 
Figure  6.  At  all  three  time  points,  99  percent  of  control  subject  IL-8  concentrations  were  within 
2  standard  deviations  of  the  mean  concentration.  In  exposed  subjects,  94.4  percent,  96.0  percent 
and  93.4  percent  of  IL-8  concentrations  were  within  2  standard  deviations  of  the  mean  for  the 
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pre-shift,  post-shift  and  recovery  time  points,  respectively.  The  average  IL-8  concentration  of 
each  study  group  at  all  three  time  points  are  depicted  in  Table  5. 


Distribution  of  IL-8  Concentrations 
in  Control  Subjects 


BDL-5  5-10  10^15  15-20  20-25  >25 


■  Pre-Shift  (n='97) 

■  Post-Shift  (n=96) 

■  Recovery  (n=97) 


Concentration  (pg/ml) 


B. 

Distribution  of  IL-8  Concentrations 
in  Exposed  Subjects 

1  SO.  - 

-SI' 

■g  50  - 

Vi 

^  40  - 

s-  30  - 
u 

1  20  - 
f  10- 

1 

i _ 

■ 

1 

■  Pre-Shift  (n=126) 

■ 

■  Post-Shift  (n=125) 

■ 

■  Recovery  [n  =  122) 

1 

M  . 

U  1 

1  1  1  1  1  1  1 

BDL-5  5-10  10-15  15-20  2(^25  >25 

Concentration  (pg/mL) 

Figure  6.  Distribution  of  IL-8  Concentrations  in  (A)  Control  Subjects  and  (B)  Exposed 
Subjects.  Control  data  combine  subjects  from  Kadena,  Yokota,  Naha,  and  Tachikawa.  Exposed 
data  combine  subjects  from  Kadena,  Yokota,  Naha,  Komaki,  and  Komatsu. 
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Table  5.  Average  IL-8  Concentrations  (pg/mL)  ±  1  SD  in  Each  Study  Group  at  All  Three 
Time  Points 


Time  Point 

Pre-Shift 

Post-Shift 

Recovery 

Kadena 

5.66  ±3.96 

6.18  ±3.55 

5.95  ±3.09 

2 

'i— » 

Yokota 

3.56  ±  1.70 

4.47  ±  1.61 

3.35  ±  1.34 

Ph 

o 

u 

Naha 

6.24  ±  2.63 

5.06  ±2.14 

6.73  ±  3.45 

Tachikawa 

5.55  ±  1.89 

5.44  ±  1.53 

5.78  ±  1.93 

Kadena 

4.66  ±  1.96 

4.75  ±  2.45 

4.75  ±  1.85 

"O 

(D 

Yokota 

4.93  ±  3.04 

4.74  ±2.60 

5.18  ±4.36 

in 

O 

Oh 

Naha 

6.24  ±  2.63 

5.06  ±2.14 

6.73  ±  3.45 

X 

W 

Komaki 

6.69  ±  3.64 

10.80  ±  10.18 

7.61  ±4.61 

Komatsu 

8.07  ±4.56 

6.03  ±2.75 

7.27  ±  4.42 

For  each  control  group,  ANOVA  was  used  to  test  the  null  hypothesis  the  mean  concentrations  of 
the  three  time  points  (pre-shift,  post-shift,  and  recovery)  are  equal  against  the  alternative  that 
pairs  of  time  points  have  a  different  mean  (Figure  7).  No  significant  differences  in  IL-S 
concentrations  were  observed  between  pre-shift,  post-shift,  and  recovery  time  points  of  Kadena, 
Naha,  or  Tachikawa  control  groups.  A  significant  difference  in  IL-8  concentrations  was 
observed  between  the  three  time  points  of  the  Yokota  control  group.  The  post  shift  concentration 
of  IL-8  (mean  =  4.47  pg/mL,  SD  =  1.61  pg/mL)  was  significantly  higher  than  both  the  pre-shift 
concentration  (mean  =  3.56  pg/mL,  SD  =  1.70  pg/mL)  and  the  recovery  concentration  (mean  = 
3.35  pg/mL,  SD  =  1.34  pg/mL). 
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Figure  7.  IL-8  Concentrations  in  the  Four  Control  Groups  at  the  Pre-shift,  Post-shift  and 
Recovery  Time  Points.  The  average  post-shift  IL-8  eoneentration  of  the  Yokota  eontrol  group 
was  higher  than  the  pre-shift  and  recovery  concentrations.  Error  bars  =  1  SD. 


The  mean  concentrations  of  the  pre-shift,  post-shift,  and  recovery  time  points  were  also 
compared  for  each  exposure  group.  No  significant  differences  were  observed  in  IL-8 
concentrations  between  pre-shift,  post-shift  and  recovery  time  points  of  Kadena,  Yokota,  Naha, 
Komaki,-  or  Komatsu  exposure  groups  (Figure  8). 
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Figure  8.  IL-8  Concentrations  in  the  Five  Exposure  Groups  at  the  Pre-shift,  Post-shift,  and 
Recovery  Time  Points.  No  significant  differences  in  IL-8  concentrations  were  observed 
between  the  pre-shift,  post-shift  and  recovery  time  points  in  any  of  the  exposure  groups.  Error 
bars  =  1  SD. 


When  comparing  IL-8  concentrations  of  control  subjects  to  subjects  exposed  to  JP-4,  the  Naha 
control  group  (active  runway,  JP-4)  was  not  significantly  different  fi'om  JP-4-exposed  subjects 
from  Naha,  Komaki,  or  Komatsu  at  any  of  the  three  time  points.  However,  differences  were 
significant  between  the  Tachikawa  control  group  (no  active  runway)  and  the  JP-4-exposed 
subjects  from  Naha,  Komaki  and  Komatsu  at  the  post-shift  time  point  (Figure  9).  The  IL-8 
concentration  of  the  Komaki  subjects  exposed  to  JP-4  (mean  =  10.80  pg/mL,  SD  =  10.18  pg/mL) 
was  significantly  higher  than  the  IL-8  concentration  of  the  Tachikawa  control  group  (mean  = 

5.44  pg/mL,  SD  =  2.14  pg/mL).  No  significant  difference  in  IL-8  levels  was  observed  between 
the  JP-4-exposed  Naha  subjects  (mean  =  5.06  pg/mL,  SD  =  2. 14  pg/mL)  and  the  Tachikawa 
control  group  or  the  JP-4-exposed  Komatsu  subjects  (mean  =  6.03  pg/mL,  SD  =  2.75  pg/mL)  and 
the  Tachikawa  control  group. 
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Figure  9.  IL-8  Concentrations  of  Control  Subjects  versus  JP-4-Exposed  Subjects.  At  the 

post-shift  time  point,  the  average  IL-8  concentration  of  the  Komaki  exposure  group  was 
significantly  higher  than  the  IL-8  concentration  of  the  Tachikawa  control  group.  Error  bars  =  1 


SD. 


IL-8  concentrations  of  control  subjects  were  compared  to  concentrations  of  subjects  exposed  to 
JP-8.  At  the  pre-shift  and  post-shift  time  points,  no  significant  differences  were  observed 
between  the  Kadena  and  Yokota  control  groups  and  the  Kadena  and  Yokota  JP-8-exposed 
subjects.  A  significant  difference  between  the  control  subjects  and  JP-8-exposed  subjects  was 
observed  at  the  recovery  time  point.  The  IL-8  concentration  of  the  Kadena  subjects  exposed  to 
JP-8  (mean  =  4.75  pg/mL,  SD  =  1 .85  pg/mL)  was  significantly  higher  than  the  IL-8 
concentration  of  the  Yokota  control  group  (mean  =  3.35  pg/mL,  SD  =  1.34  pg/mL)  (Figure  10). 
No  significant  difference  in  IL-8  levels  was  observed  between  the  JP-8-exposed  Yokota  subjects 
(mean  =  5.18  pg/mL,  SD  =  4.36  pg/mL)  and  the  Yokota  control  group,  the  JP-8-exposed  Yokota 
subjects,  and  the  Kadena  control  group  (mean  =  5.95  pg/mL,  SD  =  3.09  pg/mL)  or  the  JP-8- 
exposed  Kadena  subjects  and  the  Kadena  control  group. 
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Figure  10.  IL-8  Concentrations  of  Control  Subjects  versus  JP-8-Exposed  Subjects.  At  the 

recovery  time  point,  the  average  IL-8  concentration  of  the  Kadena  exposure  group  was 
significantly  higher  than  the  IL-8  concentration  of  the  Yokota  control  group.  Error  bars  =  1  SD. 


In  order  to  investigate  differences  in  IL-8  concentrations  between  JP-4-exposed  subjects  and  JP- 
8-exposed  subjects,  data  from  all  three  JP-4  exposure  groups  (Naha,  Komatsu  and  Komaki)  were 
averaged  and  compared  to  averaged  data  from  the  two  JP-8  exposure  groups  (Kadena  and 
Yokota).  Significant  differences  in  IL-8  concentrations  were  observed  between  JP-4-exposed 
subjects  and  JP-8-exposed  subjects.  At  the  pre-shift  time  point,  the  average  IL-8  concentration 
of  JP-4-exposed  subjects  from  Naha,  Komatsu  and  Komaki  (mean  =  6.86  pg/mL,  SD  =  3.58 
pg/mL)  was  significantly  higher  than  the  average  IL-8  concentration  of  JP-8-exposed  subjects 
from  Kadena  and  Yokota  (mean  =  4.75  pg/mL,  SD  =  2.34  pg/mL)  (Figure  1 1).  The  same  was 
observed  at  the  post-shift  and  recovery  time  points.  At  the  post-shift  time  point,  the  average  IL-8 
concentration  of  JP-4-exposed  subjects  (mean  =  7.42  pg/mL,  SD  =  6.91  pg/mL)  was 
significantly  higher  than  the  average  IL-8  concentration  of  JP-8-exposed  subjects  (mean  =  4.75 
pg/mL,  SD  =  2.48  pg/mL).  At  the  recovery  time  point,  the  average  IL-8  concentration  of  JP-4- 
exposed  subjects  (mean  =  7. 19  pg/mL,  SD  =  4. 1 1  pg/mL)  was  significantly  higher  than  the 
average  IL-8  concentration  of  JP-8 -exposed  subjects  from  (mean  =  4.90  pg/mL,  SD  =  2.93 
pg/mL). 
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Figure  11.  IL-8  Concentrations  of  JP-4-Exposed  Subjects  versus  JP-8-Exposed  Subjects. 

At  all  three  time  points,  the  IL-8  concentration  of  JP-4-exposed  subjects  were  significantly 
higher  than  the  IL-8  concentration  of  JP-8-exposed  subjects.  Error  bars  =  I  SD. 


4.2.6  Interleukin-6  (IL-6).  Approximately  85  percent  of  the  samples  tested  for  IL-6  fell  within 
the  range  of  the  assay.  Figure  12  depicts  the  distribution  of  IL-6  concentrations  in  control  (A) 
and  exposed  (B)  subjects.  At  all  three  time  points,  approximately  97  percent  of  control  subject 
IL-6  concentrations  were  within  2  standard  deviations  of  the  mean  concentration.  In  exposed 
subjects,  approximately  99  percent  of  IL-6  concentrations  were  within  2  standard  deviations  of 
the  mean  at  all  three  time  points.  The  highest  concentration  of  IL-6  (25.7  pg/mL)  was  observed 
in  a  JP-4-exposed  subject  from  Komaki.  It  was  approximately  3  fold  higher  than  the  second 
highest  IL-6  concentration  (9.7  pg/mL),  which  was  observed  in  a  control  subject  from  Naha. 
Both  concentrations  were  higher  than  the  maximum  concentration  in  normal  human  serum 
samples  (4.6  pg/mL)  observed  by  the  manufacturer  of  the  kit  used.  The  average  IL-6 
concentrations  of  each  study  group  at  all  three  time  points  are  depicted  in  Table  6. 
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Figure  12.  Distribution  of  IL-6  Concentrations  in  (A)  Control  Subjects  and  (B)  Exposed 
Subjects 
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Table  6.  Average  IL-6  Concentrations  (pg/mL)  ±  1  SD  in  Each  Study  Group  at  All  Three 
Time  Points 


Time  Point 

Pre-Shift 

Post-Shift 

Recovery 

Kadena 

0.90  ±  0.49 

1.15  ±  1.20 

1.10  ±0.62 

a 

'i— » 

Yokota 

0.97  ±0.88 

0.97  ±  1.12 

0.86  ±0.97 

Ph 

o 

u 

Naha 

1.14  ±2.02 

0.99  ±  1.70 

0.95  ±  1.58 

Tachikawa 

0.37  ±  0.27 

0.37  ±  0.29 

0.37  ±0.26 

Kadena 

0.72  ±0.51 

0.84  ±0.51 

0.90  ±  0.72 

"O 

(D 

Yokota 

0.57  ±0.56 

0.78  ±0.71 

0.67  ±  0.54 

in 

O 

Naha 

0.54  ±0.32 

0.41  ±  0.25 

0.55  ±0.37 

X 

Komaki 

1.67  ±4.93 

1.42  ±3.55 

1.45  ±4.42 

Komatsu 

0.84  ±  0.93 

0.79  ±0.91 

0.94  ±  1.22 

For  each  control  group  and  for  each  exposure  group,  ANOVA  was  used  to  test  the  null 
hypothesis  the  mean  concentrations  of  the  three  time  points  (pre-shift,  post-shift  and  recovery) 
are  equal  against  the  alternative  that  pairs  of  time  points  have  a  different  mean.  No  significant 
difference  in  IL-6  concentrations  was  observed  between  pre-shift,  post-shift  and  recovery  time 
points  of  the  Kadena,  Yokota,  Naha,  or  Tachikawa  control  groups.  Differences  in  IL-6 
concentrations  between  pre-shift,  post-shift  and  recovery  time  points  of  the  Kadena,  Yokota, 
Naha,  Komaki,  or  Komatsu  exposure  groups  were  also  not  significant  (Figure  13). 
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Figure  13.  IL-6  Concentrations  in  (A)  Control  Groups  and  (B)  Exposure  Groups  at  the 
Pre-shift,  Post-shift,  and  Recovery  Time  Points.  No  significant  difference  in  JL-6 
concentrations  between  the  three  time  points  was  observed  in  any  of  the  study  groups.  Error  bars 


=  1  SD. 


IL-6  concentrations  were  compared  between  control  subjects  and  subjects  exposed  to  JP-4  or  JP- 
8.  No  significant  differences  were  observed  between  the  Naha  control  group  (active  runway,  JP- 
4)  and  JP-4-exposed  subjects  from  Naha,  Komaki  or  Komatsu  at  any  of  the  three  time  points 
(Figure  14A).  In  addition,  no  significant  differences  were  observed  between  the  Tachikawa 
control  group  (no  active  mnway)  and  the  JP-4-exposed  subjects  from  Naha,  Komaki  and 
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Komatsu  at  any  of  the  three  time  points.  Differenees  in  IL-6  eoneentrations  between  eontrol 
subjeets  and  JP-8-exposed  subjeets  showed  no  signifieant  differenee  between  the  Kadena  and 
Yokota  eontrol  groups  and  the  Kadena  and  Yokota  JP-8  exposure  groups  (Figure  14B). 
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Figure  14.  IL-6  Concentrations  of  Control  Subjects  versus  (A)  JP-4-Exposed  Subjects  and 
(B)  JP-8-Exposed  Subjects  at  all  Three  Time  Points.  No  significant  differences  in  IL-6 
eoneentrations  between  control  groups  and  JP-4  or  JP-8-exposed  groups  were  observed  at  any 
time  point.  Error  bars  =  1  SD. 


30 

DRAFT  PENDING  Distribution  A.  Approved  for  public  release  (PA);  distribution  unlimited.  (PA  Case  No:  88ABW-2014-XXXX  Date 

Cleared 


Lastly,  in  order  to  evaluate  differences  in  lL-6  concentrations  between  JP-4-exposed  subjects  and 
JP-8-exposed  subjects,  data  from  all  three  JP-4  exposure  groups  (Naha,  Komatsu  and  Komaki) 
were  averaged  and  compared  to  averaged  data  from  the  two  JP-8  exposure  groups  (Kadena  and 
Yokota).  No  significant  differences  in  IL-6  concentrations  were  observed  between  JP-4-exposed 
subjects  and  JP-8-exposed  subjects  at  any  of  the  three  time  points  (Figure  15). 
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Figure  15.  IL-6  Concentrations  of  JP-4-Exposed  Subjects  versus  JP-8-Exposed  Subjects. 

No  statistically  significant  differences  were  observed  at  any  of  the  time  points.  Error  bars  =  1 


SD. 


4.2.7  Tumor  Necrosis  Factor  Alpha  (TNF-a).  Approximately  99  percent  of  the  samples  tested 
for  TNF-a  fell  within  the  range  of  the  assay.  Figure  16  depicts  the  distribution  of  TNF-a 
concentrations  in  control  (A)  and  exposed  (B)  subjects.  In  control  subjects,  95.9  percent  of  TNF- 
a  concentrations  were  within  2  standard  deviations  of  the  mean  concentration  at  the  pre-shift  and 
recovery  time  points.  At  the  post-shift  time  point,  96.9  percent  of  TNF-  a  concentrations  were 
within  2  standard  deviations  of  the  mean.  In  exposed  subjects,  99.2  percent  of  TNF-a 
concentrations  were  within  2  standard  deviations  of  the  mean  at  all  three  time  points.  The 
highest  concentration  of  TNF-a  (61.9  pg/mL)  was  observed  in  a  JP-4-exposed  subject  from 
Komaki.  It  was  approximately  4.5  fold  higher  than  the  highest  TNF-a  concentrations  observed 
in  a  control  subject  (13.9  pg/mL).  Both  concentrations  were  higher  than  the  maximum 
concentration  in  normal  human  semm  samples  (6.1  pg/mL)  observed  by  the  manufacturer  of  the 
kit.  The  average  TNF-a  concentrations  of  each  study  group  at  all  three  time  points  are  depicted 
in  Table  7. 
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Figure  16.  Distribution  of  TNF-a  Concentrations  in  (A)  Control  Subjects  and  (B)  Exposed 
Subjects 


32 


DRAFT  PENDING  Distribution  A.  Approved  for  public  release  (PA);  distribution  unlimited.  (PA  Case  No:  88ABW-2014-XXXX  Date 

Cleared 


Table  7.  Average  TNF-a  Concentrations  (pg/mL)  ±  1  SD  in  Each  Study  Group  at  all  Three 
Time  Points 


Time  Point 

Pre-Shift 

Post-Shift 

Recovery 

Kadena 

5.42  ±  1.72 

5.39  ±2.42 

5.87  ±2.07 

a 

'i— » 

Yokota 

4.91  ±  1.78 

4.48  ±  1.37 

5.01  ±  1.48 

Ph 

o 

u 

Naha 

5.16±  1.17 

4.73  ±  0.87 

4.84  ±  0.96 

Tachikawa 

4.65  ±  0.99 

4.60  ±  0.94 

4.72  ±  0.94 

Kadena 

4.87  ±0.81 

5.64  ±  1.82 

4.85  ±  1.12 

"O 

(D 

Yokota 

5.44  ±  1.83 

4.94  ±  1.87 

5.71  ±  1.68 

in 

O 

Naha 

4.97  ±  1.39 

4.49  ±  1.46 

5.13  ±  1.55 

X 

Komaki 

5.68  ±9.65 

5.42  ±9.31 

5.62  ±  11.24 

Komatsu 

5.79  ±  1.52 

5.38  ±  1.96 

5.80  ±  1.61 

For  each  control  and  exposure  group,  the  mean  concentrations  of  the  three  time  points  (pre-shift, 
post-shift  and  recovery)  were  compared.  No  significant  differences  in  TNF-a  concentrations 
were  observed  between  pre-shift,  post-shift  and  recovery  time  points  of  Kadena,  Yokota,  Naha, 
or  Tachikawa  control  groups  (Figure  17).  In  addition,  no  significant  differences  in  TNF-a 
concentrations  were  observed  between  pre-shift,  post-shift  and  recovery  time  points  of  Yokota, 
Naha,  Komaki  or  Komatsu  exposure  groups.  However,  a  significant  difference  in  TNF-a 
concentrations  was  observed  between  the  three  time  points  of  the  Kadena  exposure  group.  Two- 
tailed  t-tests  showed  the  post  shift  concentration  of  TNF-a  (mean  =  5.64  pg/mL,  SD  =  1.82 
pg/mL)  was  significantly  higher  than  both  the  pre-shift  concentration  (mean  =  4.87  pg/mL,  SD  = 
0.81  pg/mL)  and  the  recovery  concentration  (mean  =  4.85  pg/mL,  SD  =  1.12  pg/mL). 
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Figure  17.  TNF-a  Concentrations  in  (A)  Control  Groups  and  (B)  Exposure  Groups  at  the 
Pre-shift,  Post-shift,  and  Recovery  Time  Points.  Two-tailed  t-tests  indicated  the  post-shift 
TNF-a  concentration  of  the  Kadena  exposure  group  was  higher  than  both  the  pre-shift  and 
recovery  concentrations.  Error  bars  =  1  SD. 


TNF-a  concentrations  were  compared  between  control  subjects  and  subjects  exposed  to  JP-4  or 
JP-8.  No  significant  differences  were  observed  between  the  Naha  control  group  (active  runway, 
JP-4)  and  JP-4-exposed  subjects  from  Naha,  Komaki,  or  Komatsu  at  any  of  the  three  time  points 
(Figure  18).  In  addition,  no  significant  differences  were  observed  between  the  Tachikawa 
control  group  (no  active  runway)  and  the  JP-4-exposed  subjects  from  Naha,  Komaki,  and 
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Komatsu  at  any  of  the  three  time  points.  When  eomparing  TNF-a  eoneentrations  in  eontrol 
subjeets  to  subjeets  exposed  to  JP-8,  no  signifieant  differenees  were  observed  between  the 
Kadena  eontrol  group  and  either  JP-8  exposure  group  or  the  Yokota  eontrol  group  and  either  JP- 
8  exposure  group. 
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Pre-Shift  Post-Shift  Recovery 
Collection  Time  Point 


■  Control  (Tachikawa) 

■  Control  (Naha) 

■  JP-4  Exposed  (Naha) 

■  JP-4  Exposed  (Korraki) 

■  JP-4  Exposed  (Konnatsu) 


TNF-ot  Concentrations  in 
Control  vs.  JP~S  Exposure  Groups 


Collection  Time  Points 


■  Control  (Kadena) 

■  Control  (Yokota) 

■  JP-S  Exposed  (Kadena) 

■  J  P-B  Exp  ose  d  ( Y  okota ) 


Figure  18.  TNF-a  Concentrations  of  Control  Subjects  versus  (A)  JP-4-Exposed  Subjects 
and  (B)  JP-8-Exposed  Subjects.  No  significant  differences  in  TNF-a  concentrations  between 
control  groups  and  JP-4  or  JP-8-exposed  groups  were  observed.  Error  bars  =  1  SD. 
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Lastly,  in  order  to  evaluate  differences  in  TNF-a  concentrations  between  JP-4-exposed  subjects 
and  JP-8-exposed  subjects,  data  from  all  three  JP-4  exposure  groups  (Naha,  Komatsu  and 
Komaki)  were  averaged  and  compared  to  averaged  data  from  the  two  JP-8  exposure  groups 
(Kadena  and  Yokota).  No  significant  differences  in  TNF-a  concentrations  were  observed 
between  JP-4-exposed  subjects  and  JP-8-exposed  subjects  at  any  of  the  three  time  points  (Figure 
19). 
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Figure  19.  TNF-a  Concentrations  of  JP-4-Exposed  Subjects  versus  JP-8-Exposed  Subjects. 

No  statistically  significant  differences  were  observed  at  any  of  the  time  points.  Error  bars  =  1 


SD. 


4.2.8  Interleukin-10  (IL-10).  Approximately  84  percent  of  the  samples  tested  for  IL-10  fell 
within  the  range  of  the  assay.  Of  the  samples  that  tested  below  the  range  of  the  assay,  39  percent 
of  samples  came  from  control  subjects.  Figure  20  depicts  the  distribution  of  IL-10 
concentrations  in  control  (A)  and  exposed  (B)  subjects.  In  control  subjects,  99.0,  97.9,  and  96.9 
percent  of  IL-10  concentrations  were  within  2  standard  deviations  of  the  mean  concentration  at 
the  pre-shift,  post-shift  and  recovery  time  points,  respectively.  In  exposed  subjects,  98.4  percent 
of  IL-10  concentrations  were  within  2  standard  deviations  of  the  mean  at  all  three  time  points. 
The  two  highest  concentrations  of  IL-10  (1727  pg/mL  and  754  pg/mL)  were  observed  in  control 
subjects  from  Kadena.  The  highest  IL-10  concentration  in  an  exposure  subject  was  observed  in  a 
JP-4-exposed  subject  from  Komatsu  (554  pg/mL).  These  concentrations  were  considerably 
higher  than  IL-10  concentrations  in  all  other  subjects.  The  average  IL-10  concentrations  of  each 
study  group  at  all  three  time  points  are  depicted  in  Table  8. 


36 

DRAFT  PENDING  Distribution  A.  Approved  for  public  release  (PA);  distribution  unlimited.  (PA  Case  No:  88ABW-2014-XXXX  Date 

Cleared 


Distribution  af  IL-10  Concentrations 
in  Control  Subjects 


■  Pre-Shift  (n-97) 

■  Post-Shift  (n=96) 

■  Recovery  (n=97) 


Concentration  (p£/ml) 


Distribution  of  IL-10  Concentrations 
in  Exposed  Subjects 


■  Pre-Shift  (n=126) 

■  Post-Shift  (n=125) 

■  Recovery  [n=122) 


Concentration  (pe/mL) 


Figure  20.  Distribution  of  IL-10  Concentrations  in  (A)  Control  Subjects  and  (B)  Exposed 
Subjects 
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Table  8.  Average  IL-10  Concentrations  (pg/mL)  ±  1  SD  in  Each  Study  Group  at  All  Three 
Time  Points 


Time  Point 

Pre-Shift 

Post-Shift 

Recovery 

Kadena 

86.95  ±  352.23 

106.83  ±327.32 

64.37  ±  223.78 

2 

'i— » 

Yokota 

14.8  ±58.54 

14.49  ±57.30 

14.48  ±  56.86 

Ph 

o 

u 

Naha 

2.03  ±  3.40 

1.81  ±2.91 

2.26  ±3.48 

Tachikawa 

5.84  ±  10.16 

5.06  ±8.86 

5.37  ±9.06 

Kadena 

8.67  ±  24.33 

14.00  ±48.16 

7.60  ±  16.03 

"O 

(D 

Yokota 

1.84  ±  1.56 

1.62  ±  1.40 

2.05  ±  1.76 

in 

O 

Oh 

Naha 

2.15  ±4.48 

2.09  ±5.38 

2.70  ±6.78 

X 

W 

Komaki 

3.01  ±6.74 

2.62  ±5.71 

2.11  ±3.83 

Komatsu 

31.57  ±  126.57 

30.26  ±  121.52 

24.78  ±  96.7 

For  each  control  group  and  each  exposure  group  the  mean  concentrations  of  the  three  time  points 
(pre-shift,  post-shift  and  recovery)  were  compared.  No  significant  differences  were  observed  in 
IL-10  concentrations  between  pre-shift,  post-shift,  and  recovery  time  points  of  Kadena,  Yokota, 
Naha,  or  Tachikawa  control  groups  (Figure  21).  In  addition,  no  significant  differences  were 
observed  in  IL-10  concentrations  between  pre-shift,  post-shift  and  recovery  time  points  of 
Kadena,  Yokota,  Naha,  Komaki,  or  Komatsu  exposure  groups. 
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Figure  21.  IL-10  Concentrations  in  (A)  Control  Groups  and  (B)  Exposure  Groups  at  the 
Pre-shift,  Post-shift  and  Recovery  Time  Points.  No  significant  differences  in  IL-10 
concentrations  between  the  three  time  points  were  observed  in  any  of  the  study  groups.  Error 
bars  =  1  SD. 


IL-10  concentrations  were  compared  between  control  subjects  and  subjects  exposed  to  JP-4  or 
JP-8.  No  significant  differences  were  observed  between  the  Naha  control  group  (active  runway, 
JP-4)  and  JP-4-exposed  subjects  from  Naha,  Komaki,  or  Komatsu  at  any  of  the  three  time  points 
(Figure  22).  In  addition,  no  significant  differences  were  observed  between  the  Tachikawa 
control  group  (no  active  runway)  and  the  JP-4-exposed  subjects  from  Naha,  Komaki,  and 
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Komatsu  at  any  of  the  three  time  points.  Differenees  between  eontrol  subjeets  and  subjeets 
exposed  to  JP-8  were  also  not  signifieant.  No  signifieant  differenees  were  observed  between  the 
Kadena  eontrol  group  and  either  JP-8  exposure  group  or  the  Yokota  eontrol  group  and  either  JP- 
8  exposure  group. 
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Figure  22.  IL-10  Concentrations  of  Control  Subjects  versus  (A)  JP-4-Exposed  Subjects 
and  (B)  JP-8-Exposed  Subjects.  No  significant  differences  in  IL-10  concentrations  between 
control  groups  and  JP-4  or  JP-8-exposed  groups  were  observed.  Error  bars  =  1  SD. 
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Lastly,  in  order  to  investigate  differences  in  IL-10  concentrations  between  JP-4-exposed  subjects 
and  JP-8-exposed  subjects,  data  from  all  three  JP-4  exposure  groups  (Naha,  Komatsu,  and 
Komaki)  were  averaged  and  compared  to  averaged  data  from  the  two  JP-8  exposure  groups 
(Kadena  and  Yokota).  No  significant  differences  in  IL-10  concentrations  were  observed 
between  JP-4-exposed  subjects  and  JP-8-exposed  subjects  at  any  of  the  three  time  points  (Figure 
23). 
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Figure  23.  IL-10  Concentrations  of  JP-4-Exposed  Subjects  versus  JP-8-Exposed  Subjects. 

No  statistically  significant  differences  were  observed  at  any  of  the  time  points.  Error  bars  =  1 


SD. 


4.2.9  Interleukin-12  p70  (IL-12  p70).  Approximately  49  percent  of  the  samples  tested  for  IL- 
12  p70  fell  within  the  range  of  the  assay.  Of  the  samples  that  tested  below  the  range  of  the  assay, 
48  percent  of  samples  came  from  control  subjects.  Figure  24  depicts  the  distribution  of  IL-12 
p70  concentrations  in  control  (A)  and  exposed  (B)  subjects.  In  control  subjects  at  the  pre-shift 
time  point,  99.0  percent  of  IL-12  p70  concentrations  were  within  2  standard  deviations  of  the 
mean  concentration.  At  the  post-shift  and  recovery  time  points,  96.9  percent  of  IL-12  p70 
concentrations  were  within  2  standard  deviations  of  the  mean.  In  exposed  subjects,  99.2  percent 
of  IL-12  p70  concentrations  were  within  2  standard  deviations  of  the  mean  at  the  pre-shift  and 
recovery  time  point.  At  the  post-shift  time  point,  98.4  percent  of  IL-12  p70  concentrations  were 
within  2  standard  deviations  of  the  mean.  The  highest  concentration  of  IL-12  p70  (-1900 
pg/mL)  was  observed  in  a  control  subject  from  Kadena.  The  second  highest  IL-12  p70 
concentration  was  observed  in  a  JP-4-exposed  subject  from  Komatsu  (-1300  pg/mL).  These 
concentrations  were  considerably  higher  than  IL-12  p70  concentrations  in  all  other  subjects.  The 
average  IL-12  p70  concentrations  of  each  study  group  at  all  three  time  points  are  depicted  in 
Table  9. 
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Figure  24.  Distribution  of  IL-12  p70  Concentrations  in  (A)  Control  Subjects  and  (B) 
Exposed  Subjects 
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Table  9.  Average  IL-12  p70  Concentrations  (pg/mL)  ±  1  SD  in  Each  Study  Group  at  All 
Three  Time  Points 


Time  Point 

Pre-Shift 

Post-Shift 

Recovery 

Kadena 

145.16  ±578.56 

159.00  ±480.63 

114.45  ±409.99 

2 

Yokota 

29.91  ±  128.7 

30.1  ±  127.94 

26.26  ±  110.81 

Ph 

o 

u 

Naha 

1.74  ±4.26 

1.61  ±3.93 

2.15  ±4.71 

Tachikawa 

6.34  ±  14.1 

6.6  ±  14.93 

6.27  ±  13.72 

Kadena 

13.68  ±47.41 

27.87  ±  113.09 

11.69  ±34.23 

"O 

(D 

Yokota 

1.05  ±  1.59 

1.33±2.15 

1.05  ±  1.59 

in 

O 

Oh 

Naha 

3.18  ±9.64 

3.10  ±  10.30 

2.91  ±9.44 

X 

W 

Komaki 

4.49  ±  12.92 

3.77  ±  10.27 

2.73  ±  6.67 

Komatsu 

86.29  ±365.36 

69.89  ±  295.09 

62.07  ±258.85 

For  each  control  and  exposure  group,  the  mean  concentrations  of  the  three  time  points  (pre-shift, 
post-shift  and  recovery)  were  compared.  No  significant  differences  in  IL-12  p70  concentrations 
were  observed  between  pre-shift,  post-shift  and  recovery  time  points  of  Kadena,  Yokota,  Naha, 
or  Tachikawa  control  groups  (Figure  25).  In  addition,  no  significant  differences  in  IL-12  p70 
concentrations  were  observed  between  pre-shift,  post-shift  and  recovery  time  points  of  Kadena, 
Yokota,  Naha,  Komaki,  or  Komatsu  exposure  groups. 
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Figure  25.  IL-12  p70  Concentrations  in  (A)  Control  Groups  and  (B)  Exposure  Groups  at 
the  Pre-shift,  Post-shift  and  Recovery  Time  Points.  No  significant  differences  in  IL-12  p70 
eoneentrations  between  the  three  time  points  were  observed  in  any  of  the  study  groups.  Error 
bars  =  1  SD. 


IL-12  p70  concentrations  were  compared  between  control  subjects  and  subjects  exposed  to  JP-4 
or  JP-8.  No  significant  differences  were  observed  between  the  Naha  control  group  (active 
runway,  JP-4)  and  JP-4  exposure  groups  from  Naha,  Komaki,  or  Komatsu  at  any  of  the  three 
time  points  (Figure  26).  In  addition,  no  significant  differences  were  observed  between  the 
Tachikawa  control  group  (no  active  runway)  and  the  JP-4  exposure  groups  from  Naha,  Komaki, 

44 

DRAFT  PENDING  Distribution  A.  Approved  for  public  release  (PA);  distribution  unlimited.  (PA  Case  No:  88ABW-2014-XXXX  Date 

Cleared 


and  Komatsu  at  any  of  the  three  time  points.  When  eomparing  IL-12  p70  eoneentrations  in 
eontrol  subjeets  to  subjeets  exposed  to  JP-8,  no  signifieant  differenees  were  observed  between 
the  Kadena  eontrol  group  and  either  JP-8  exposure  group  or  the  Yokota  eontrol  group  and  either 
JP-8  exposure  group. 
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Figure  26.  IL-12  p70  Concentrations  of  Control  Subjects  versus  (A)  JP-4-Exposed  Subjects 
and  (B)  JP-8-Exposed  Subjects.  No  significant  differences  in  IL-12  p70  concentrations 
between  control  groups  and  JP-4  or  JP-8-exposed  groups  were  observed.  Error  bars  =  1  SD. 
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In  order  to  investigate  differences  in  IL-12  p70  concentrations  between  JP-4-exposed  subjects 
and  JP-8-exposed  subjects,  data  from  all  three  JP-4  exposure  groups  (Naha,  Komatsu  and 
Komaki)  were  averaged  and  compared  to  averaged  data  from  the  two  JP-8  exposure  groups 
(Kadena  and  Yokota).  No  significant  differences  in  IL-12  p70  concentrations  were  observed 
between  JP-4-exposed  subjects  and  JP-8-exposed  subjects  at  any  of  the  three  time  points  (Figure 
27). 


IL-12  p70  Concentration  in 
Averaged  JP-4  vs.  JP-3  Exposure  Groups 


Pre-Shift  Post-Shift  Recovery 
Collection  Time  Point 


■  JP-4  Exposed  (Naha, 
Komaki,  Komatsu] 

■  JP-S  Exposed  (Kadena  and 
Y  okota) 


Figure  27.  IL-12  p70  Concentrations  of  JP-4-Exposed  Subjects  versus  JP-8-Exposed 
Subjects.  No  statistically  significant  differences  were  observed  at  any  of  the  time  points.  Error 
bars  =  1  SD. 


4.3  Summary  of  ANOVA  Analyses 

Concentrations  of  GM-CSF,  IFN-  y,  IL-2,  IL-1|3,  and  IL-la  fell  below  assay  range. 

Of  the  remaining  five  cytokines  that  were  investigated  (IL-6,  IL-10,  IL-12  p70,  TNF-a,  and  IL- 
8),  only  TNF-a  and  IL-8  showed  significant  differences  between  populations  (Table  10).  For 
TNF-a,  a  significant  difference  in  concentration  was  observed  between  time  points  in  JP-8- 
exposed  subjects  at  Kadena  AB.  Post-shift  TNF-a  levels  were  significantly  higher  than  levels  at 
the  pre-shift  or  recovery  time  points.  However,  this  difference  is  not  supported  by  data  at  any 
other  base  for  either  jet  fuel.  For  IL-8,  a  statistically  significant  difference  was  observed 
between  control  and  exposed  subjects.  At  the  post-shift  time  point,  IL-8  levels  of  JP-4-exposed 
subjects  from  Komaki  were  higher  than  levels  of  control  subjects  at  Tachikawa  AB  (no  active 
runway).  Overall,  IL-8  levels  in  JP-4-exposed  subjects  were  higher  than  levels  in  JP-8-exposed 
subjects  at  all  three  time  points.  Differences  in  IL-8  levels  between  JP-4  and  JP-8-exposed 
personnel  appear  to  indicate  that  JP-4  has  a  greater  potential  for  an  inflammatory  response  than 
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JP-8.  The  higher  levels  of  IL-8  in  jet  fuel  exposed  personnel  might  be  a  marker  for  a  low  level 
response  as  a  result  of  working  on  a  flight  line.  Further  study  is  needed  to  confirm  this  finding. 
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Table  10.  Summary  of  ANOVA  Analyses 


Comparison* 

GM-CSF 

IFNa 

IL-la 

IL-1|3 

IL-2 

IL-6 

IL-8 

IL-10 

IL-12  p70 

TNF-a 

Tachikawa  Control  A  vs.  B  vs.  C 

Kadena  Control  A  vs.  B  vs.  C 

Yokota  Control  A  vs.  B  vs.  C 

X 

Naha  Control  A  vs.  B  vs.  C 

Exposed  Kadena  A  vs.  B  vs.  C 

X 

Exposed  Yokota  A  vs.  B  vs.  C 

Exposed  Naha  A  vs.  B  vs.  C 

Exposed  Komaki  A  vs.  B  vs.  C 

Exposed  Komatsu  A  vs.  B  vs.  C 

Naha  Control  vs.  JP4  Exposed  -  A 

i 

Naha  Control  vs.  JP4  Exposed  -  B 

Data  Below  Detection  Limit 

Naha  Control  vs.  JP4  Exposed  -  C 

Tachikawa  Control  vs.  JP4  Exposed  -  A 

Tachikawa  Control  vs.  JP4  Exposed  -  B 

X 

Tachikawa  Control  vs.  JP4  Exposed  -  C 

JP8  Controls  vs.  JP8  Exposed  -  A 

JP8  Controls  vs.  JP8  Exposed  -  B 

JP8  Controls  vs.  JP8  Exposed  -  C 

X 

JP4  Exposed  vs.  JP8  Exposed  -  A 

X 

JP4  Exposed  vs.  JP8  Exposed  -  B 

X 

JP4  Exposed  vs.  JP8  Exposed  -  C 

X 

*A  =  pre-shift,  B  =  post-shift,  C  =  recovery  (12-16  hours  post-shift) 


4.4  Alternate  Statistical  Analyses 

We  were  primarily  interested  in  using  ANOVA  to  identify  relationships  among  multiple  time 
points  and  study  groups.  However,  we  also  used  a  more  simple  statistical  approach  to 
investigate  the  relationship  between  two  parameters.  When  using  Mann- Whitney  U-tests  to 
compare  two  populations,  we  found  significant  differences  among  many  pairings  for  the  five 
cytokines  with  data  that  were  within  the  range  of  the  assay  (Table  11). 
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Table  11.  Summary  of  Mann-Whitney  U-Tests 


Comparison* 

GM-CSF 

IFNy 

IL-la 

IL-lp 

IL-2 

IL-6 

IL-8 

IL-10 

IL-12  p70 

TNF-a 

Exposed  Komaki  Avs.  B 

Exposed  Komaki  A  vs.  C 

Exposed  Komaki  Bvs.  C 

Exposed  Komatsu  A  vs.  B 

Exposed  Komatsu  A  vs.  C 

Exposed  Komatsu  B  vs.  C 

Exposed  Naha  A  vs.  B 

X 

X 

Exposed  Naha  A  vs.  C 

Exposed  Naha  Bvs.  C 

X 

Exposed  Kadena  A  vs.  B 

Exposed  Kadena  A  vs.  C 

Exposed  Kadena  Bvs.  C 

Exposed  Yokota  A  vs.  B 

Exposed  Yokota  A  vs.  C 

Exposed  Yokota  B  vs.  C 

Kadena  Control  vs.  Exposed  -  A 

Data  Below  Detection  Limit 

Kadena  Control  vs.  Exposed  -  B 

X 

Yokota  Control  vs.  Exposed  -  A 

X 

X 

Yokota  Control  vs.  Exposed  -  B 

Exposed  Komaki  vs.  Naha  Control  -  A 

X 

X 

Exposed  Komaki  vs.  Naha  Control  -  B 

X 

Exposed  Komaki  vs.  Tachikawa  Control  -  A 

Pvr^ocoH  \/c  C* ontrol  -  R 

X 

Y 

Y 

X 

Y 

Y 

^A|JUOCZU  IxUlllClixl  VD.  1  CILI  M  ixcl  Wcl  V^UIIUIUI  D 

Exposed  Naha/Komatsu  vs.  Naha  Control  -  A 

Ak 

X 

Ak 

Exposed  Naha/Komatsu  vs.  Naha  Control  -  B 

X 

Exposed  Naha/Komatsu  vs.  Tachikawa  Control  -  A 

X 

X 

Exposed  Naha/Komatsu  vs.  Tachikawa  Control  -  B 

X 

X 

Exposed  Kadena  vs.  Exposed  Naha  -  B 

X 

X 

X 

X 

Exposed  Kadena  vs.  Exposed  Komatsu  -  B 

X 

X 

Exposed  Yokota  vs.  Exposed  Komaki  -  B 

X 

*A  =  pre-shift,  B  =  post-shift,  C  =  recovery  (12-16  hours  post-shift) 


When  comparing  levels  of  IL-8  between  time  points  among  exposure  or  control  groups,  only  JP- 
4-exposed  subjects  from  Naha  had  significant  differences.  IL-8  levels  were  higher  at  the  pre- 
shift  time  point  than  the  post-shift  time  point.  When  comparing  exposed  subjects  to  control 
subjects,  IL-8  levels  of  JP-8-exposed  subjects  from  Kadena  were  lower  than  IL-8  levels  of 
control  subjects  at  the  post-shift  time  point.  The  same  pattern  was  observed  for  JP-8-exposed 
subjects  from  Yokota.  IL-8  levels  of  exposed  subjects  were  lower  than  those  of  control  subjects 
at  the  pre-shift  time  point.  IL-8  levels  of  JP-8-exposedJP-8-exposed  subjects  were  also  lower 
than  levels  of  JP-4-exposed  subjects.  At  the  post-shift  time  point,  JP-8-exposed  subjects  from 
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Kadena  had  lower  IL-8  levels  than  JP-4-exposed  subjects  from  Komatsu  and  JP-8-exposed 
subjects  from  Yokota  had  lower  IL-8  levels  of  JP-4-exposed  subjects  from  Komaki.  IL-8  levels 
of  JP-4-exposed  subjects,  however,  were  higher  than  control  levels.  At  the  post-shift  time  point, 
exposed  subjects  from  Komaki  had  higher  levels  of  IL-8  than  Tachikawa  control  subjects  (no 
active  runway). 

When  comparing  exposed  subjects  to  control  subjects,  IL-6  levels  of  JP-4-exposed  subjects,  were 
higher  than  those  of  control  subjects.  This  supports  a  potential  for  low  level  inflammation  in  JP- 
4  flight  line  workers.  When  comparing  IL-6  levels  of  JP-8-exposed  subjects  to  JP-4-exposed 
subjects,  JP-8-exposed  subjects  from  Kadena  were  higher  than  IL-6  levels  of  JP-4-exposed 
subjects  from  Naha.  This  does  not  support  the  IL-8  data  showing  a  potential  greater 
inflammatory  effect  caused  by  JP-4.  However,  the  ANOVA  analysis  did  not  show  the  same 
statistical  differences  in  IL-6  concentration.  Unlike  the  results  of  the  Mann- Whitney  U-test, 
ANOVA  showed  no  significant  differences  in  IL-6  concentration  between  JP-4-exposed  subjects 
and  JP- 8 -exposed  subjects. 

No  differences  were  observed  in  IL-IO  levels  between  time  points  among  exposure  or  control 
groups.  The  differences  seen  when  comparing  exposed  subjects  to  control  subjects  or  JP-4- 
exposed  subjects  to  JP-8-exposed  subjects  are  hard  to  explain  due  to  the  variability  in  IL-10 
levels  between  bases  for  both  the  control  and  exposed  subjects  (see  Table  8). 

Significant  differences  were  observed  when  comparing  TNF-a  levels  between  exposed  and 
control  subjects.  TNF-a  levels  of  JP-4-exposed  subjects  from  Komaki  were  higher  than  levels  of 
Naha  control  subjects  at  pre-shift  time  point  and  the  post-shift  time  point.  At  the  post-shift  time 
point,  TNF-a  levels  of  JP-4-exposed  subjects  from  Komaki  were  also  higher  than  levels  of 
Tachikawa  control  subjects.  Significant  differences  were  also  observed  between  JP-8  and  JP-4 
exposure  groups.  TNF-a  levels  of  JP-8 -exposed  subjects  from  Kadena  were  higher  than  TNF-a 
levels  of  JP-4-exposed  subjects  from  Naha  at  the  post-shift  time  point.  This  was  not  expected  for 
JP-8. 

Significant  differences  were  observed  when  comparing  IL-12  p70  levels  between  exposed  and 
control  subjects.  When  combining  data  of  JP-4-exposed  subjects  from  Naha  and  Komatsu,  IL-12 
p70  levels  of  the  JP-4-exposed  subjects  were  higher  than  levels  of  Naha  control  subjects  at  the 
pre-shift  and  post-shift  time  point.  Significant  differences  were  also  observed  between  JP-8  and 
JP-4  exposure  groups.  IL-12  p70  levels  of  JP-8-exposed  subjects  from  Kadena  were  higher  than 
IL-12  p70  levels  of  JP-4-exposed  subjects  from  Naha  at  the  post-shift  time  point.  This  was  also 
not  expected  for  JP-8. 


5.1  DISCUSSION/CONCLUSIONS 

5.2  Overview 
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In  this  report  we  describe  a  collaborative  research  effort  between  the  U.S.  Air  Force  and  the 
Japan  Air  Self-Defense  Force  to  investigate  jet  fuel  exposure  health  effects  to  ground  crews 
handling  JP-4  versus  ground  crews  handling  JP-8.  Blood  was  collected  from  volunteers  at 
USAF  and  JASDF  air  bases  located  in  Japan.  The  USAF  air  bases  were  Yokota  and  Kadena,  air 
bases  using  JP-8.  The  JASDF  bases  were  Komaki,  Naha,  and  Komatsu,  air  bases  using  JP-4.  In 
addition,  subjects  were  recruited  from  Tachikawa  AB,  an  airbase  with  no  active  runway  that 
served  as  a  control  site.  Samples  were  collected  for  each  subject  at  three  time  points:  pre-shift, 
post-shift  and  the  following  morning  (recovery).  Serum  of  each  subject  at  all  three  time  points 
was  tested  for  ten  pro-inflammatory  cytokines  (IL-la,  IL-2,  IL-8,  IL-12  p70,  IL-ip,  GM-CSF, 
IFN-y,  IL-6,  IL-10  and  TNF-a)  using  Meso  Scale  Discovery’s  Multi- Array®  technology.  If 
inflammatory  changes  are  occurring  as  a  result  of  jet  fuel  exposure,  we  expect  changes  in  levels 
of  cytokines  that  modulate  inflammatory  response. 


5.3  Cytokines 

Concentrations  of  5  cytokines  (GM-CSF,  IFN-  y,  IL-2,  IL-ip  and  IL-la)  fell  below  assay  range. 
Using  ANOVA  we  showed  concentrations  of  IL-6,  IL-10  and  IL-12  p70  did  not  vary  between 
pre-exposure,  post-exposure  and  recovery  time  points  for  control  groups  or  exposed  subjects.  In 
addition,  no  statistically  significant  changes  were  observed  between  control  and  exposed  subjects 
or  between  JP-4  and  JP-8-exposed  subjects. 

Using  ANOVA  we  observed  a  significant  difference  in  TNF-a  concentration  between  time 
points  in  JP-8-exposed  subjects  at  Kadena  AB.  Post-shift  TNF-a  levels  were  significantly 
higher  than  levels  at  the  pre-shift  or  recovery  time  points.  TNF-a  was  the  only  cytokine  that 
showed  this  response.  However,  the  levels  of  TNF-a  were  not  significantly  different  from 
control  subjects  making  it  difficult  to  determine  if  there  is  truly  an  effect  by  JP-8.  Mann- 
Whitney  U-test  did  not  support  the  ANOVA  results  of  no  significant  difference  between  control 
and  exposure  groups.  Significant  differences  were  observed  at  the  post-shift  time  point  between 
JP-4-exposed  subjects  from  Komaki  (mean  =  9.31  pg/mL,  SD  =  5.41  pg/mL)  and  Naha  control 
subjects  (mean  =  4.73  pg/mL,  SD  =  0.87  pg/mL)  as  well  as  Tachikawa  control  subjects  (mean  = 
4.60  pg/mL,  SD  =  0.94  pg/mL).  However,  differences  can  be  explained  by  the  fact  that  the 
Mann- Whitney  U-test  assumes  an  equal  distribution  of  data,  and  the  Komaki  exposure  group 
included  one  individual  whose  TNF-a  levels  were  much  higher  (50.7  pg/mL)  than  those  of  all 
other  subjects. 

A  statistically  significant  difference  was  observed  when  comparing  IL-8  levels  between  control 
and  exposed  subjects  using  ANOVA.  At  the  post-shift  time  point,  IL-8  levels  of  JP-4-exposed 
subjects  from  Komaki  were  higher  than  levels  of  control  subjects  at  Tachikawa  AB  (no  active 
runway).  In  addition,  at  the  recovery  time  point,  IL-8  concentrations  of  JP-8-exposed  subjects 
from  Kadena  were  higher  than  those  of  control  subjects  from  Yokota.  These  data  might  indicate 
a  low  level  of  inflammation.  However,  no  significant  differences  were  observed  between  pre¬ 
shift  and  post-shift  concentrations.  Changes  appeared  to  be  constant  for  either  controls  or 
exposed  subjects.  Overall,  when  using  ANOVA,  IL-8  levels  in  JP-4-exposed  subjects  were 
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higher  than  levels  in  JP-8-exposed  subjects  at  all  three  time  points.  Mann- Whitney  U-test 
supported  these  findings.  While  these  differences  between  fuels  may  indicate  a  slightly  higher 
toxic  effect  due  to  JP-4  than  JP-8,  variations  could  also  be  related  to  a  myriad  of  other  factors 
such  as  race,  age  or  health  of  the  subjects. 

The  Mann- Whitney  U-test  is  a  more  simple  statistical  approach  that  was  used  to  investigate  the 
relationship  between  cytokine  levels  at  the  various  air  bases.  A  number  of  significant  differences 
were  also  found  among  pairings  for  IL-6,  IL-10  and  rL-12  p70.  However,  the  results  from  these 
analyses  were  inconclusive  or  did  not  support  the  results  of  the  ANOVA  analyses. 

Cytokines  may  not  be  sensitive  markers  for  jet  fuel  exposure  or  jet  fuel  exposure  was  too  low  to 
trigger  inflammatory  effects.  Additional  work  is  required  to  identify  key  cytokine  biomarkers 
that  are  predictive  of  exposure  to  JP-4  and  JP-8  and  to  draw  substantive  conclusions  regarding 
the  higher  human  toxicity  of  either  fuel. 
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7.0  LIST  OF  SYMBOLS,  ABBREVIATIONS,  AND  ACRONYMS 


AB 

air  base 

ANOVA 

analysis  of  variance 

BDL 

below  detection  limit 

ECL 

electrochemiluminescence 

GM-CSF 

granulocyte-macrophage  colony-stimulating  factor 

IFN-y 

interferon  gamma 

IL 

interleukins 

IL-10 

interleukin- 10 

IL-12p70 

interleukin- 12  p70 

IL-lp 

interleukin  1  beta 

IL-2 

interleukin  2 

IL-6 

interleukin  6 

IL-8 

interleukin  8 

JASDF 

Japan  Air  Self-Defense  Force 

LLOD 

lower  limit  of  detection 

MSD 

Meso  Scale  Discovery 

PBST 

phosphate  buffered  saline  plus  0.05  percent  Tween-20 

RD50 

respiratory  rate  decreased  50  percent 

RPM 

rotations  per  minute 

SD 

standard  deviation 

TNF-a 

tumor  necrosis  factor  alpha 

USAF 

United  States  Air  Force 

WPAFB 

Wright-Patterson  Air  Force  Base 
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